Abstract. $KS waveforms recorded at distances of about 110 ø are extremely useful to constrain seismic velocity structure at the base of the mantle. $KS waves near this distance develop a complicated interference pattern with the phases SPaKS and $KP,& We report anomalous behavior of this interference in a number of recordings of deep earthquakes beneath South America from stations in Europe and Africa. We model these data with two-dimensional dome-like structures at the base of the mantle which extend laterally by a few hundred kilometers and in which the shear velocity is up to 30% lower than in the Preliminary Reference Earth Model (PREM). The spatial extent of these structures, their position with respect to the SKS core exit points, and their seismic characteristics can not be uniquely determined. However, the presence of a dipping or a concaved upper interface is a key attribute of successful models. Models that invoke flat layers are insufficiently complex to explain the most erratic waveform behavior. The most anomalous data correspond to sampling regions at the base of the mantle beneath the East African Rift and beneath the Iceland, where possibly, whole mantle upwellings form.
Introduction berger, 1998a], and SV-SH polarization
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Most of these body wave modeling efforts focused primarily
The lowermost 300 km of the mantle (termed D" in this pa-on the Pacific anomaly which is well sampled by seismic per) is a complex region according to seismological observa-waves that propagate from deep earthquakes in the western Pations and geodynamic models. It contains a thermal boundary cific to stations in North America.
layer at its base which transmits about 10 to 15% of the Earth's Recently, high-quality broadband data have been provided heat flow [Davies, 1980] ' it is highly heterogeneous, and it by the 1994-1995 experiment in Tanzania Figure 3b . Compare, for example, the broad signals in recordings KEV 14 with the relatively narrow SKS signals in recordings NUR 14 inserted above it for direct comparison. This same feature occurs in KEV 14 when compared with UME 9. This implies that the path to KEV is anomalous near the CMB, since this broadness does not appear to be a source effect. Figure 3d (Africa) shows anomalous recordings at station AAE in eastern Africa. We emphasize recordings AAE 2, AAE 3, and AAE 9. The "shoulder" on AAE 14 is similar to that of KBS. Note that these types of features occur in the PREM synthetics and more normal type data at great distances, i.e., ElL 9. However, the recording of event AAE 11 does not show this feature even though it is at the same distance. The path corresponding to AAE 11 is located farther to the south compared to the other recordings and could be a manifestation of lateral variation.
The great circle paths corresponding to the data of Figure 3 are shown in Plate 2. Heavy line segments represent the short P wave diffracted path along the CMB boundary which are colored red if they are associated with anomalous waveform behavior. Note that the southern path segment associated with AAE 11 is labeled black (normal) as compared to AAE 14, AAE 2, AAE 3, and AAE 9, which are labeled red (anomalous). Here we assume that D" structures causing the waveform complexity are located at the core exit locations of SKS within or at the northern edge of the large-scale low shear velocity anomaly beneath Africa.
Modeling the SKS Waveform Bifurcation
To some extent, the waveform complexities seen in Figure 
Modeling the African Waveform Data
A broad low shear velocity anomaly is located in D" beneath the eastern Atlantic and Africa (Plate 4, top) which is far more anomalous than the shear velocity structure beneath Iceland. However, station AAE appears to be near the northern edge. We would expect an Iceland-type geometry with the SKS points situated on the limb of the structure and SKS bifurcation waveforms to sample more of the slow velocity. In fact, most AAE waveforms can be modeled with synthetics taken from Figures 8b-8d. For these events, SKS emerges to the right (Figure 10) where the SKPdS interference occurs at relatively larger distance than at AAE. These 2-D synthetics were generated from Figures 8a and 8d , with a time history adjusted to roughly match the GOMA observation assumed to be (SKS-SKPdS) interference free. This is relatively simple in the Mix 1-D model since the synthetics reduce essentially to a delta function for distances less than 107 ø. The 2-D structures with large seismic parameter drops remain somewhat complex at all ranges because of internal multiples, especially in Syn2D2. Figure 10c was included to show the expected behavior for the same dome positions used in modeling the AAE data set but with no long-period WWSSN filter. These waveforms (Syn2D2) do not fit the observations very well, especially at the shorter distances. The Syn2D 1 synthetics fit the data quite well except at a few stations (SING and PUGE) which prefer a weak SKPdS such as displayed in column Mix 1-D. The broadness of some of the southernmost paths, such as RUNG and MITU, is quite pronounced in agreement with Syn2D1 synthetics. Allowing the geometry to vary slightly would obviously aid in the modeling process; that is, the observations at KIBE look like the average of Syn2D1 and Syn2D2. In short, it appears that the array data are sampling some complex structure on the northern edge of a strong anomaly, which is delaying the development of SKPdS. Another possibility is that the ULVZ is fading away into a LVZ such as modeled on the right. Either interpretation yields a picture with rapidly varying CMB structure beneath the northern edge of Grand's [1994] anomalous D" structure. Thus it appears that the African structure is not unlike that occurring beneath the mid-Pacific, essentially a widespread low-velocity zone with pockets of ULVZs beneath some regions.
Discussion
It appears that an ULVZ exists under a portion of the ALVZ and may be associated with the upwelling process. Another explanation is that the D" structure beneath ALVZ is simply a manifestation of a small amount of melt. As suggested by Knittle [1998], we might expect some chemical differentiation assuming a hot lower mantle [Holland and Ahrens, 1997] . Some melt would move upward fueling the upwelling directly and some would move downward forming a heavy slow D", providing the CMB density anomaly proposed by Ishii and Tromp [1999] . In this context, the ULVZs would just be a local concentration of particularly strong melt below a major upwelling.
In conclusion, we have reviewed existing SKS bifurcation waveform data in comparison with observations sampling beneath Iceland and Pacific with new data from Africa. To model the extreme delays and strengths of SKP,tS relative to SKS in some observations requires ULVZs containing shortwavelength structures on the CMB. Thus we have examined the ray paths through the Grand's [1994] tomography model in detail for the simplest situation (Iceland) with the most complex (Africa). Velocity drops in S of up to 30% and curvature of interfaces of 40 km over 300 km laterally proved effective in modeling efforts in both situations. However, these synthetics are 2-D and the structure is obviously 3-D. Thus, to resolve these detailed features of ULVZs in relationship to surrounding structure will require very dense station coverage of the type proposed in the U.S. array experiment along with 3-D synthetics.
